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DIFFERENTIAL CURRENT MIRROR AND 
METHOD 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

The present invention is related to those disclosed in the 
following US. patent applications: 

1. Ser. No. 09/570,082 ?led May 12, 2000, entitled 
“SYSTEM AND METHOD FOR CURRENT SPLIT 
TING FOR VARIABLE GAIN CONTROL;” 

2. Ser. No. 09/569,958 ?led May 12, 2000, entitled 
“DIFFERENTIAL CURRENT MIRROR SYSTEM 
AND METHOD;” 

3. Ser. No. 09/570,330 ?led May 12, 2000, entitled 
“ADAPTIVE EQUALIZER FILTER WITH VARI 
ABLE GAIN CONTROL.” 

The above applications are commonly assigned to the 
assignee of the present invention. The disclosures of these 
related patent applications are hereby incorporated by ref 
erence for all purposes as if fully set forth herein. 

TECHNICAL FIELD OF THE INVENTION 

The present invention is generally directed to electronic 
control circuitry and, more speci?cally, to a differential 
current mirror system and method that is capable of rejecting 
common mode signals. 

BACKGROUND OF THE INVENTION 

Current mirrors are commonly used as electronic control 
circuits in integrated circuits. When a reference current is 
provided as an input to a current mirror, the current mirror 
provides an output current that is identical (or proportional) 
to the reference current. The term “current mirror” re?ects 
the fact that the output current is a “mirror image” of the 
input reference current. 

The difference betWeen tWo current input signals is 
referred to as the differential mode of the tWo current input 
signals. The average value of tWo current input signals is 
referred to as the common mode of the tWo current input 
signals. In many applications input current signals may be 
represented as a linear combination of a differential mode 
component and a common mode component of the current 
input signal. It is often desirable to amplify the differential 
mode component by a large gain factor While minimiZing the 
ampli?cation factor of the common mode component. Mini 
miZing the ampli?cation factor of the common mode com 
ponent is referred to as “rejecting” the common mode 
component. 

Prior art differential current mirrors are capable of pro 
viding tWo output currents that are identical (or 
proportional) to tWo input reference currents. HoWever, 
prior art differential current mirrors are not capable of 
rejecting the common mode component of input current 
signals. 

There is therefore a need in the art for a differential 
current mirror and method that is capable of rejecting 
common mode input current signals. 

SUMMARY OF THE INVENTION 

To address the above-discussed de?ciencies of the prior 
art, it is a primary object of the present invention to provide 
a differential current mirror system and method for provid 
ing differential output current signals in Which common 
mode current signals are rejected. 
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2 
The present invention comprises a pair of diode connected 

transistors and a differential ampli?er. In an advantageous 
embodiment of the present invention, the pair of diode 
connected transistors and the differential ampli?er comprise 
MOSFET transistors. The pair of diode connected transistors 
comprise a ?rst transistor and a second transistor coupled 
together. The differential ampli?er comprises a third tran 
sistor and a fourth transistor in Which the gate of the third 
transistor receives a ?rst input voltage signal from the drain 
of the ?rst transistor, and in Which the gate of the fourth 
transistor receives a second input voltage signal from the 
drain of the second transistor., 

It is an object of the present invention to provide a 
differential current mirror With good common mode rejec 
tion of current signals. 

It is another object of the present invention to provide a 
common mode rejection differential current mirror that 
provides good poWer supply rejection at the output. 

It is still another object of the present invention to provide 
a common mode rejection differential current mirror With a 
mirroring ratio that is independent of process-voltage 
temperature (PVT) variations in the electronic components 
of the system. 

It is yet another object of the present invention to provide 
a common mode rejection differential current mirror that can 
operate at loW voltages. 
The foregoing has outlined rather broadly the features and 

technical advantages of the present invention so that those 
skilled in the art may better understand the detailed descrip 
tion of the invention that folloWs. Additional features and 
advantages of the invention Will be described hereinafter 
that form the subject of the claims of the invention. Those 
skilled in the art should appreciate that they may readily use 
the conception and the speci?c embodiment disclosed as a 
basis for modifying or designing other structures for carry 
ing out the same purposes of the present invention. Those 
skilled in the art should also realiZe that such equivalent 
constructions do not depart from the spirit and scope of the 
invention in its broadest form. 

Before undertaking the DETAILED DESCRIPTION OF 
THE INVENTION beloW, it may be advantageous to set 
forth de?nitions of certain Words and phrases used through 
out this patent document: the terms “include” and 
“comprise,” as Well as derivatives thereof, mean inclusion 
Without limitation; the term “or,” is inclusive, meaning 
and/or; the phrases “associated With” and “associated 
thereWith,” as Well as derivatives thereof, may mean to 
include, be included Within, interconnect With, contain, be 
contained Within, connect to or With, couple to or With, be 
communicable With, cooperate With, interleave, juXtapose, 
be proXimate to, be bound to or With, have, have a property 
of, or the like; and the term “controller” means any device, 
system or part thereof that controls at least one operation, 
such a device may be implemented in hardWare, ?rmWare or 
softWare, or some combination of at least tWo of the same. 
It should be noted that the functionality associated With any 
particular controller may be centraliZed or distributed, 
Whether locally or remotely. De?nitions for certain Words 
and phrases are provided throughout this patent document, 
those of ordinary skill in the art should understand that in 
many, if not most instances, such de?nitions apply to prior, 
as Well as future uses of such de?ned Words and phrases. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the present 
invention, and the advantages thereof, reference is noW 
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made to the following descriptions taken in conjunction With 
the accompanying drawings, Wherein like numbers desig 
nate like objects, and in Which: 

FIG. 1 illustrates a prior art differential current mirror; 

FIG. 2 illustrates an exemplary differential current mirror 
according to one embodiment of the present invention; 

FIG. 3 illustrates an exemplary differential current mirror 
according to an alternate embodiment of the present inven 
tion; and 

FIG. 4 is a How diagram describing the logic of the 
operation of an exemplary differential current mirror accord 
ing to one embodiment of the present invention. 

DETAILED DESCRIPTION OR THE 
INVENTION 

FIGS. 1 through 4, discussed beloW, and the various 
embodiments used to describe the principles of the present 
invention in this patent document are by Way of illustration 
only and should not be construed in any Way to limit the 
scope of the invention. Those skilled in the art Will under 
stand that the principles of the present invention may be 
implemented in any suitably arranged differential current 
mirror. 

FIG. 1 illustrates a prior art differential current mirror 100. 
Differential current mirror 100 comprises ?rst current mirror 
110 and second current mirror 120. First current mirror 110 
comprises tWo metal oxide semiconductor ?eld effect 
transistors, P1 and P2, coupled together in a current mirror 
con?guration. Similarly, second current mirror 120 com 
prises tWo metal oxide semiconductor ?eld effect transistors, 
P3 and P4, coupled together in a current mirror con?gura 
tion. 

Current IO+iIN is input to transistor P1 of current mirror 
110 and current I0—i,N is input to transistor P3 of current 
mirror 120. The current I0 represents a DC bias current and 
im represents an AC signal current. The differential output 
voltage is measured betWeen the terminals VOUTl and 
Vom. 

The difference betWeen tWo current input signals, i1 and 
i2, is called the differential mode of the tWo current input 
signals and is de?ned as: 

The average value of tWo current input signals, i1 and i2, 
is called the common mode of the tWo current input signals 
and is de?ned as: 

Input signals that are neither purely differential mode 
input signals nor purely common mode input signals can be 
expressed as linear combinations of the differential mode 
signal components and the common mode signal compo 
nents. When input signals are provided to the tWo inputs of 
a differential ampli?er (not shoWn in FIG. 1), the differential 
ampli?er Will respond to the differential mode component 
With a differential mode gain and Will respond to the 
common mode component With a common mode gain. This 
superposition is valid When the differential ampli?er’s 
response is linear. 

It is often desirable to amplify the differential mode 
component of tWo input signals by a large gain factor While 
minimiZing the ampli?cation factor of the common mode 
component. Minimization of the ampli?cation factor of the 
common mode component is referred to as “rejecting” the 
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4 
common mode of the input signals. A measurement of the 
amount of rejection of the common mode is a ?gure of merit 
called the common mode rejection ratio (CMRR). The 
CMRR is de?ned as the ratio of the magnitude of the 
differential mode gain to the magnitude of the common 
mode gain. The de?nition is: 

Idifferential mode gainI (3) 
CM RR = . 

Icommon mode gaJnI 

The CMRR is often measured in decibels, so that an 
alternate de?nition is: 

Idifferential mode gainI (4) 
CMRR : 20 l — 

oglo Icommon mode gainI 

If the Width and the length (L) of the gates in 
transistor P1 and transistor P2 in current mirror 110 is equal 
to the Width and the length (L) of the gates in transistor 
P3 and,transistor P4 in current mirror 120, then current 
mirror 110 and current mirror 120 each have a current gain 
equal to one. 
A current gain of one for current mirror 110 and current 

mirror 120 means that (1) the differential mode of the tWo 
input current signals, IO+iIN and I0—i,N, also has a gain equal 
to one, and (2) the common mode of the tWo input current 
signals, IO+iIN and IO—i,N, also has a gain equal to one. 

Because the common mode signals have a gain equal to 
one (i.e., there is no reduction in the amplitude of the signal), 
there is no rejection of the common mode signals. Because 
the differential mode signals also have a gain equal to one, 
the differential mode gain is equal to the common mode 
gain. This means that the value of CMRR is also equal to 
one. In decibels, the value of CMRR is Zero (0) decibels 
because log 10 (1) is Zero. 

It is possible to achieve current gains other than one by 
varying the ratio of Width to length (W/L) of transistor P2 to 
transistor P1 (and of transistor P3 to transistor P4). But the 
current gains achieved in this Way are again the same for 
both the differential mode signals and the common mode 
signals. Prior art differential current mirrors of this type are 
not able to provide rejection of the common mode compo 
nents of tWo input signals. 

In order to overcome these de?ciencies in the prior art, the 
present invention provides a differential current mirror than 
can replicate (or “mirror”) the differential mode components 
of tWo input signals While rejecting the common mode 
components of the tWo input signals. As Will be more fully 
explained, the present invention utiliZes the differential 
transconductance of a differential ampli?er pair to achieve 
this result. 

FIG. 2 illustrates exemplary differential current mirror 
200 according to one embodiment of the present invention. 
Differential current mirror 200 comprises a pair of diode 
connected transistors 205 coupled to a differential ampli?er 
210. The pair of diode connected transistors 205 comprises 
tWo metal oxide semiconductor ?eld effect transistors 

(MOSFETs), Q1 and Q2, coupled together. The Width to length (L) ratio of the gates in transistors, Q1 and Q2, is 

indicated by the expression 
Similarly, differential ampli?er 210 comprises tWo 

MOSFETs, Q3 and Q4, coupled together in a differential 
ampli?er con?guration. The Width (W‘) to length (L) ratio of 
the gates in transistors, Q3 and Q4, is indicated by the 
expression (W‘/L). It is seen that the length (L) of the gates 
in the pair of diode connected transistors 205 and the length 
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(L) of the gates in differential ampli?er 210 are the same. 
However, the Width of the gates in the pair of diode 
connected transistors 205 is not equal to the Width (W‘) of 
the gates in differential ampli?er 210. 

The bias current, I D, through a MOSFET in the constant 
current region is given by: 

ID=K(VGS_VTR)2 (5) 

Where K equals the conductance parameter of the transistor, 
VGS is the gate to source voltage, and VTR is the threshold 
voltage of the transistor. The conductance parameter, K, of 
a MOSFET transistor may be expressed in the form: 

K=1/4lC0X(W/L) (6) 

Where p is a material dependent parameter called the carrier 
mobility, and Where COX is the gate to substrate capacitance 
per unit area (measured in picofarads per square 
micrometer), and Where W is the Width of the gate 
(measured in micrometers), and Where L is the length of the 
gate (measured in micrometers). The conductance 
parameter, K, is measured in milliamps per volts squared. 

The transconductance parameter, gm, is de?ned to be the 
partial derivative of the drain current (i.e., the bias current 
plus the signal current) With respect to the gate to source 
voltage. The partial derivative is evaluated at the bias point 
Where the bias current is I D and the gate to source voltage is 
VGS. If the transistor is biased in the constant current region, 
then the transconductance parameter, gm, may be expressed 
in the form: 

The transconductance parameter, gm, is a conductance that is 
measured in units of siemens (or, equivalently, mhos). Using 
the expression for K from equation (6) the transconductance 
parameter, gm, may be expressed in the form: 

In FIG. 2, current source 215 provides a current that is 
equal to IbiaS+i,N. Current source 215 is coupled to the drain 
and to the gate of transistor Q1 in the pair of diode connected 
transistors 205. Current source 215 is also coupled to the 
gate of transistor Q3 in differential ampli?er 210. Current 
source 220 provides a current that is equal to Imus-LN. 
Current source 220 is coupled to the drain and to the gate of 
transistor Q2 in the pair of diode connected transistors 205. 
Current source 220 is also coupled to the gate of transistor 
Q4 in differential ampli?er 210. 
Load 225 is coupled to the drain of transistor Q3 in 

differential ampli?er 210. The current that ?oWs through 
load 225 is equal to IO—iOUT. Load 230 is coupled to the 
drain of transistor Q4 in differential ampli?er 210. The 
current that ?oWs through load 230 is equal to IO+iOUT. 

Voltage source 235 is coupled to the source of transistor 
Q1 and to the source of transistor Q2 in the pair of diode 
connected transistors 205. Voltage source 235 provides a 
current that is equal to 21mm. 

Current source 240 is coupled to the source of transistor 
Q3 and to the source of transistor Q4 in differential ampli?er 
210. Current source 240 provides a current that is equal to 

210. 
In the pair of diode connected transistors 205, the 

transconductance parameter of transistor Q2, gm(1), and the 
transconductance parameter of transistor Q2, gm(2), are both 
given by the same expression: 
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6 
Ibias is the bias current for transistor Q1. Ibias is also the bias 
current for transistor Q2. The differential mode transcon 
ductance parameter gm (1,2) for the pair of diode connected 
transistors 205 equals the transconductance parameter for 
transistor Q1 and for transistor Q2. 

In differential ampli?er 210, the transconductance param 
eter of transistor Q3, gm(3), and the transconductance 
parameter of transistor Q4, gm(4), are both given by the same 
expression: 

I0 is the bias current for transistor Q3. I0 is also the bias 
current for transistor Q4. Note that in the case of transistor 
Q3 and transistor Q4 the Width W‘ is used instead of the 
Width W. The differential mode transconductance parameter 
gm(3,4) for differential ampli?er 210 equals the transcon 
ductance parameter for transistor Q3 and for transistor Q4. 

The relationship betWeen the input signal current iIN and 
the output signal current iOUT is given by: 

UtiliZing equations (9), (10), (11) and (12), the result of 
equation (13) may also be expressed as: 

The output currents of differential ampli?er 210 are 
IO—iOUT and IO+iOUT. The output currents provide a differ 
ential mirroring of the input currents While rejecting the 
common mode signal. 
The term (W/L) is the Width to length ratio of each of the 

gates of transistor Q1 and transistor Q2. The term (W‘/L) is 
the Width to length ratio of each of the gates of transistor Q3 
and transistor Q4. 
The transconductance parameter g,(3,4) is the differential 

mode transconductance of differential ampli?er 210. One 
can also de?ne its common mode transconductance as the 
partial derivative of the common mode output current (Id3+ 
Id4)/2 With respect to the common mode input voltage 
(Vg3+Vg4)/2. The common mode transconductance of dif 
ferential ampli?er 210 is equal to its differential mode 
transconductance divided by the factor: 

Where r0 is the output resistance of current source 240. Since 
the common mode rejection ratio (CMRR) of differential 
ampli?er 210 is equal to its common mode transconductance 
divided by its differential mode transconductance, the same 
factor is equal to the CMRR. The reason that CMRR is 
normally very high for a differential pair is that the output 
resistance of a device con?gured as a current source is 

usually much greater than a transistor’s transconductance, 
making this factor much greater than unity. In CMOS this 
CMRR may range from 30 dB to 60 dB, largely dependent 
on the con?guration of the current source, such as single 
transistor or cascode. 
The analysis set forth above relates to the direct current 

case. At higher frequencies the capacitances at the source of 
transistor Q3 and transistor Q4 Will cause the value of the 
common mode rejection ratio (CMRR) to be degraded. 
Capacitance admittance is equal to tWo pi (275) times the 
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frequency times the capacitance. As long as the capacitance 
admittance is much less than gm(3), then the CMRR Will still 
be much greater than unity. 

FIG. 3 illustrates an exemplary differential current mirror 
300 according to alternate embodiment of the present inven 
tion. In differential current mirror 300 load 310 is coupled to 
the pair of diode connected transistors 205. The most 
common form of load 310 is a resistor. The circuit param 
eters of load 310 are chosen so that the current through load 
310 is equal to 21mm. The operation of differential current 
mirror 300 is the same as that previously described for 
differential current mirror 200. 

FIG. 4 is a How diagram describing the logic of the 
operation of one exemplary embodiment of the differential 
current mirror of the present invention. In operation step 401 
MOSFET transistor Q1 and MOSFET transistor Q2 are 
coupled together in the pair of diode connected transistors 
205. In operation step 402 a differential current signal 
IbiaS+iIN is provided to transistor Q1 and a differential 
current signal Imus-i“, is provided to transistor Q2. In 
operation step 403 the differential current signal IbiaS+iIN is 
provided to the gate of MOSFET transistor Q3 of differential 
ampli?er 210. In operation step 404 the differential current 
signal Imus-i“, is provided to the gate of MOSFET transistor 
Q3 of differential ampli?er 210. 

In operation step 405 the current signal iOUT is calculated 
by multiplying the current signal iIN by the ratio of the 
transconductance of differential ampli?er 210 to the 
transconductance of the pair of diode connected transistors 
205. In operation step 406 the differential output currents 
IO+iOUT and I0 —iOUT are obtained from the outputs of 
differential ampli?er 210. These differential output currents 
represent a differential mirroring of the input currents With 
rejection of the common mode signal. 

The present invention provides several advantages over 
the prior art. The present invention provides good common 
mode rejection of current signals. In addition, the present 
invention provides good poWer supply rejection at the 
output. The mirroring ratio is independent of process 
voltage-temperature (PVT) variations. Lastly, the present 
invention provides a good loW voltage solution to task of 
mirroring differential current signals With common mode 
rejection of current signals. 

Although the present invention has been described in 
detail, those skilled in the art should understand that they can 
make various changes, substitutions and alterations herein 
Without departing from the spirit and scope of the invention 
in its broadest form. 
What is claimed is: 
1. A differential current mirror capable of rejecting com 

mon mode input current signals, said differential current 
mirror comprising: 

a pair of diode connected transistors comprising a ?rst 
transistor and a second transistor coupled together in a 
common mode rejection con?guration: 

a differential ampli?er coupled to said pair of diode 
connected transistors, said differential ampli?er com 
prising a third transistor and a fourth transistor coupled 
together, Wherein a gate of said third transistor is 
coupled to the drain of said ?rst transistor, and Wherein 
a gate of said fourth transistor is coupled to the drain of 
said second transistor; 

a ?rst input current source that provides a ?rst input signal 
to a drain of said ?rst transistor and to said gate of said 
third transistor, Wherein said ?rst input signal com 
prises a direct current bias current plus an alternating 
current input signal current, and 
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8 
a second input current source that provides a second input 

signal to a drain of said second transistor and to the gate 
of said fourth transistor, Wherein said second input 
signal comprises a direct current bias current minus an 
alternating current input signal current; 

Wherein said differential current mirror is capable of 
multiplying said alternating current input signal current 
by the ratio of the transconductance of said differential 
ampli?er to the transconductance of said pair of diode 
connected transistors to obtain an alternating current 
output signal current; and 

Wherein said differential current mirror rejects common 
mode current signals With a common mode rejection 
ratio that is equal to: 

[(ro/2)+(1/gm(3))]gm(3) 

Where r0 equals the output resistance/of a current source of 
said differential ampli?er, and gm(3) equals the transcon 
ductance of said third transistor. 

2. A differential current mirror as claimed in claim 1 
Wherein said differential current mirror is capable of pro 
viding poWer supply rejection at the output of said differ 
ential current mirror. 

3. A differential current mirror as claimed in claim 1 
Wherein said differential current mirror is capable of pro 
viding a mirroring ratio that is independent of process 
voltage-temperature variations. 

4. A differential current mirror as claimed in claim 1 
Wherein said differential current mirror is capable of oper 
ating at loW voltages. 

5. A differential current mirror for providing differential 
output current signals that are proportional to differential 
input current signals in Which common mode current signals 
are rejected comprising: 

a pair of diode connected transistors comprising a ?rst 
transistor and a second transistor coupled together in a 
common mode rejection con?guration; and 

a differential ampli?ed coupled to said pair of diode 
connected transistors, said differential ampli?er com 
prising a third transistor and a fourth transistor in Which 
a gate of said third transistor receives a ?rst input signal 
from the drain of said ?rst transistor, and in Which a 
gate of said fourth transistor receives a second input 
signal from the drain of said second transistor; 

Wherein said differential current mirror rejects common 
mode current signals With a common mode rejection 
ratio that is equal to: 

Where r0 equals the output resistance of a current source of 
said differential ampli?er, and gm(3) equals the transcon 
ductance of said third transistor. 

6. For use in a differential current mirror, a method for 
providing differential output current signals that are propor 
tional to differential input current signals in Which common 
mode current signals are rejected, said method comprising 
the steps of: 

coupling together a ?rst transistor and a second transistor 
to form a pair of diode connected transistors in a 
common mode rejection con?guration; 

coupling a differential ampli?er to said pair of diode 
connected transistors, Wherein said differential ampli 
?er comprises a third transistor and a fourth transistor 
in Which a gate of said third transistor is coupled to the 
drain of said ?rst transistor, and in Which a gate of said 
fourth transistor is coupled to the drain of said second 
transistor; 
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providing to the drain of said ?rst transistor and to the gate 
of said third transistor an input signal that is equal to a 
direct current bias current plus an alternating current 
input signal current; 

providing to the drain of said second transistor and to the 
gate of said fourth transistor an input signal that is equal 
to a direct current bias current minus an alternating 
current input signal current; 

multiplying said alternating current input signal current 
by the ratio of the transconductance of said differential 
ampli?er to the transconductance of said pair of diode 
connected transistors to obtain an alternating current 
output signal current; and 

rejecting common mode current signals in said differential 
current mirror With a common mode rejection ratio that 
is equal to: 

15 

10 
Where r0 equals the output resistance of a current source of 
said differential ampli?er, and gm(3) equals the transcon 
ductance of said third transistor. 

7. The method as set forth in claim 6 further comprising 
the step of: 

providing poWer supply rejection at the output of said 
differential current mirror. 

8. The method as set forth in claim 6 further comprising 
the step of: 

providing a mirroring ratio that is independent of process 
voltage-temperature variations. 

9. The method as set forth in claim 6 further comprising 
the step of: 

operating said differential current mirror at loW voltages. 
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